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tod from the light source and shaping it into a spot, 
an objective lens for converging the light passing 
through the first aperture portion on an object to be 
measured, a second aperture portion positioned on a 
plane conjugate with the surface of the object where 
the light falls, and an optical detector for detecting 
light passing through the second aperture portions. 
The first and second aperture portions are disposed 


at the same position so that the same aperture can 
bo shared. The detection surface of the optical de- 
ls ' tor is disposed in substantiai'y the same plane as 
the shared aperture. In this way. the size and the 
weight of the apparatus can bo reduced, measure- 
ment of a three-dimensional shape can be made at a 
high speed and highly accurately, and positioning of 
each portion can be made easily. 



FIG.1 
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TECHNICAL FIFLD 

This invention relates to a three-dimensional 
shape measuring apparatus in which a confocal 
optical 5 \ stem is employed, and in particular re- 
lates to a confocal optical apparatus for performing 
three-dim*, nsional measurements using a hologram 
or a diffraction grating-type half-mirror. 

BACKGROUND ART 

So-tailed confocal optical systems are appara- 
tus for measuring distances. Figure 22 illustrates 
the principle of a confocal optical system. 

In \ igure 22, light from a light suutce 1 is 
condensed by a lens 12 and then directed toward a 
half-mirror 31 via a pinhole PH1 located at a focal 
point F1. The light from the Sight source 1 is 
transformed Dy me pinhole- PHI located at the focal 
point F1 into light equivalent to the a point source. 
Light reflected from the half-mirror 31 is condensed 
by a lens 8 and projected onto the surface of an 
object 9. Shown here is a <:ase in which the surface 
of the object 9 is in the focal position F2 of the lens 
8, and the object 9 is moved and scanned in the X- 
Y-Z direction by a three-dimensional moving stage 
40. Light scattered on the- surface of the object 9 
passes through the lens 8 travels through the half- 
mirror 31, and converges toward a point F3 con- 
jugate with the focal position of the light source 1. 
A pinhole PH2 is located in the position of this 
focal point F3. and transmitted light is detected by 
a light sensor 10. 

With this structure, the focal point F3 on the 
conjugate point side moves when the object sur- 
face Z0 r shifted to the front o; back ^Z1 or Z2) of 
the focal position F2, as shown in Figures 23a and 
23b, and the output of the light sensor 10 is mar- 
kedly reduced by the action of the pinhole. Figure 
24 illustrates the relation between the position of 
the object surface and the output of the light sen- 
ior 10. 

This structure makes it possible to shift the 
measurement object 9 by the three-dimensional 
moving stage 40 in the diiection of the Z axis (in 
the direction of the optical axis) for each X-Y co- 
ordinate position, to sample the output of the light 
sensor 10 in the course of this displacement, and 
to designate; the detected / position corresponding 
K> the mavrmum sampling output as the surface 


necessary to spend much time to detect the sur- 
face shape. 

In view of this, an attempt was made in Japa- 
nese Laid-Open Patent Application 4-265918 to ar- 
r> range the; confocal optical system in two dimen- 
sions and to detect each object position in parallel; 
the coee spending structure is illustrated in Figure 
25 

Specifically, with the apparatus illustrated in 
w F igure 25 above, light from a light source 1 passes 
through lenses 12 and 2, becomes parallel light, 
and enters a pinhole array PHA1 The pinhole 
array PHA1 consists of pinholes arranged in a 
matrix. The light that has passed through the pin- 
75 hole array PHA1 is transmitted through a half- 
mirror 31, condensed by lenses 8a and 8b, and 
projected onto a measurement object 9 The mea- 
surement object 9 is placed on top of a moving 
stage 35 capable of displacement in the direction 
po of the 7 a<is. The light reflected by the measure- 
ment object 9 is condensed by the lenses 8a and 
8b, reflected by the half-mirror 31, and imaged at a 
position conjugate with the pinhole array PHA1 A 
pinhole array PHA2 is located in the imaging posi- 
es tion, and the light passing through the pinholes is 
detected by the individual light sensors 10 of a 
light sensor array 

This cc-nventional structure makes it possible to 
separately sample the outputs of the individual light 
30 sensors 10 c-f the light sensor array while displac- 
ing the moving stage- 35 in the direction of the Z 
axis, and to designate the detected Z-direction 
position corresponding to the maximum output of 
the individual light sensors as the surface position 
35 of the object 9. 

Bei He*' this conventional technique dispenses 
with the need to move the moving stage in the XV 
direction, the measuring time can be reduced in 
comparison with the conventional mechanism illus- 
40 trated in Figure 22 above. 

Even with the apparatus illustrated in Figure 
25, the moving stage 35 must be moved at a 
higher speed to further reduce the shape measure- 
ment time, but because the moving stage 35 must 
45 carry a measurement object, there is a limit to the 
high-speed movement. In other words, it is very 
difficult, for example, to use a high-speed moving 
stage to move a measurement object that is very 
heavy, a measurement object that has a very fine 
structure and thus cannot withstand the medial 
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have a sturdy structure, and withstand the inertial 
force created by high-speed displacement. With 
the conventional technique illustrated in Figure 25, 
however, no measures related to high-speed move- 
ment have been adopted, thus making it likely that 
the confocal optical system will break or that other 
undesirable phenomena will occur during high- 
speed movement. In particular, it is important for a 
confocal optical system that the pinhole arrays 
PHA1 and PHA2 always remain in exact conjugate 
positions with respect to the half-mirror 31 so that 
the confocal optical system is always effective, but 
in the past there has been a limit to reconciling this 
requirement with a need for a reduction in size and 
weight. 

In addition, a prismatic device was usually 
used as the half-mirror 31 in Figure 25, and be- 
cause this prismatic device requires a cubr space, 
the focai position of the light source (pinhc lc array 
PHA1) and the light-receiving, focal point (pinhole 
array PHA2) have to be located outside of the 
cubic space containing the half-mirror 31 so it is 
impossible to make the dtstance between the lens 
8a and each of the focal points smaller than the 
length of the cube of the half-mirror 31. In addition, 
the focal point of the light source of a confocal unit 
and the light-receiving focal point are located with 
respect to the half-mirror 31 at geometric distances 
that vary with each confocal unit. Thus, the conven- 
tional mechanism illustrated in Figure 25 has limits 
as to the reductions in size and weight, and re- 
quires precise alignment between the focal point of 
the light source and the light-receiving focal point. 

An object of this invention, which was devised 
in view of the foregoing, is to provide a confocal 
optical apparatus in which the size and weight can 
be reduced, which allows three-dimensional shape 
measurements to be performed rapidly and ac- 
curately, and in which the alignment of each por- 
tion is facilitated. 

DISCLOSURE OF THE INVENTION 


According to this invention, in a confocal op- 
tical apparatus comprising a light source, a first 
aperture portion for passing light emitted from this 
light source and obtaining a point source, an objec- 
tive lens for causing the light that has passed 
through this first aperture portion to converge on a 
measurement object, a second aperture portion 
located on a plane conjugate with the convergence 
surface on this measurement object, and light de- 
tectors for detecting light that has passed through 
the second aperture portion, a distinctive feature is 
that the first and second aperture portions are 
located in the same position and are conjointly 
used as identical aperture portions, and the detec- 
tion surfaces of the light detectors are located 


substantially on the same surfaces as the conjointly 
used identical aperture portions. 

This invention involves conjointly using the first 
and second apertures as identical apertures and 
5 positioning the detection surfaces of the light de- 
tectors on substantially the same surfaces with 
these identical apertures, thereby making it possi- 
ble to facilitate accurate alignment of the first and 
second apertures and the light detectors, and to 
io render the structures of these portions thin, corn- 
pact, and sturdy. 

In addition, according to this invention, a con- 
fer a' optica! apparatus comprises a light source, an 
optical element for receiving light from this Itght 
75 source and acting as a half-mirror and a diffraction 
grating, a first condensing device which is posi- 
tioned in contact with or close to this optical ele- 
ment and which is designed for condensing zero- 
order light from the optical element, a pinhole for 
20 passing light condensed by this first condensing 
device, and a second condensing device for con- 
densing the light that has passed through this 
pinhole and causing the light to converge toward a 
measurement object, and for causing the light scat- 
25 tered on the measurement object to converge to- 
ward the pinhole, in which the optical element 
directs toward the first condensing device the first- 
order diffracted light of the light reintroduced via 
the pinhole and the first condensing device; and 
30 which further comprises a light detector for receiv- 
ing the first-order diffracted light condensed by the 
first condensing device. 

Specifically, since the structure of this inven- 
tion is such that the light-receiving focal point and 
35 the focal point of the light source of the confocal 
optical system are in the same position, it is suffi- 
cient to form a common pinhole at the two focal 
points in this position, making it possible to obtain 
a stable confocal effect, dispensing with the align- 
40 ment of the two focal points, and allowing the 
apparatus to be made small and lightweight. In 
addition, the confocal optical system can be ac- 
commodated within a very thin region because the 
arrangement is aimed at obtaining the effect of a 
45 half-mirror and a diffraction grating using a flat- 
plate hologram, a flat-plate, diffraction grate-type 
half-mirror, or some other optical element. 

Furthermore, according to this invention, a con- 
focal optical apparatus comprises a parallel slit 
50 light generating device for generating parallel slit 
light undergoing sequential movable scanning, an 
aperture array in which a plurality of apertures for 
light passage are arranged in two dimensions and 
which is designed to direct the parallel slit light 
55 from the parallel light generating device, an optical 
element for receiving light that has passed through 
the aperture array and acting as a half-mirror and a 
diffraction grating, a lens array which is positioned 
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close to this optical cU.-ment and which is com- 
posed of a plurality of two-dirnensionally arranged 
lenses for cmdensing zero-order light from the 
optical element, a pinhole array comprising a plu- 
rality of two-dimensionally arranged pinholes for 
passing light condensed by each of the lenses of 
the lens array, and a condensing device for con- 
densing the light that lias passed through each 
pinhole and projecting the light onto a measure- 
merit object, and for causing the light scattered on 
the measurement object to converge toward each 
pinhole; in which the optical element directs toward 
the lens array the: firsi-order diffracted light of the 
light reintroduced via each of the pinholes and the 
le;ns array; and which further c om prises a light 
detector array comprising a plurality of two-dimen- 
sionally arranged light detectors for receiving the 
first-order diffracted light condensed by each of the 
lenses of the lens arr.-iy a mnvrment control do- 
vice *or moving in the direction of the optical axis 
at least some of the parallel slit light generating 
device, aperture array, optical element, lens array, 
pinhole array, condensing device, and light detec- 
tor array, and a three-dimensional distance measur- 
ing device for measuring the measurement object 
in three dimensions based on the output of each 
light detector in accordance with the movable scan- 
ning of the parallel slit light and with the movement 
control of the movement control device. 

This invention involves directing parallel slit 
light toward a confocal optical system comprising 
two-dimensionally arranged apertures, lenses, pin- 
holes, and light detectors, and receiving light re- 
flected from a measurement object with the aid of 
the light detectors The measurement object under- 
goes three-dimensional distance- measurements 
based on the output of each light detector in accor- 
dance with the movable scanning of the parallel slit 
light and with the movable scanning of the move- 
ment control device. 

Moreover, acc ording to this invention, a con- 
focal optical apparatus comprise? a surface light 
ray generating device for generating surface light 
rays, an aperture array in whic h a plurality of 
apertures for light passage are arranged in two 
dimensions and which is designed to direct the 
surface light rays from the surface light ray gen- 
erating device, an optical element for receiving 
light that has passed through the aperture array 
and .-ct'ng as a half-mirror and a diffraction grating. 


: • ' 'i • ' ■ : s:rig ; ;ht ■ ■■■ j. - < • •• ! \ ■ , • .:• h ■- f 
the •• n i :: i ; f the I* r; array, and a ' ••id- nong 


through each \ mhole and pn >ctmg the light onto a 
measurement hject, and for causing the light scat- 
tered on the measurement < eject to converge to- 
ward each pinhole, in which the optical element 
i> directs toward the lens array the first-orde-r dif- 
fracted light of the light reintroduced via each of 
the pinholes and the lens array; and which further 
comprises a light detector array comprising a plu- 
rality of two-dimensionally arranged light detectors 

w for receiving the first-order diffracted light con- 
densed by each of the lenses of the lens array, a 
movement control device for moving in the direc- 
tion of the optical a<is at least some of the surface 
light ray generating device, aperture array, c>ptical 
element, lens array, pinhole array, condensing de- 
vice, and light detector array, and a three-dimen- 
sional distance measuring device for measuring the 
measurement object in three dimensions based on 
the output of e;ach light detector in accordance with 

?o the movement control of the movement control 
device. 

This invention involves directing surface light 
rays toward a confocal optical system comprising 
two-dime!nsionally arranged apertures, lenses, pin- 

25 holes, and light detectors, and receiving light re- 
flected from a measurement object with the aid of 
the light detectors. The measurement object under- 
goes three-dimensional distance measurements 
based on the output of each light defector in accor- 

30 dance with movable scanning by the movement 
control device. 

The structure pertaining to this invention is thus 
aimed at obtaining results using pinholes that are in 
the same position as the light-receiving focal point 

:ib and the light-source focal point of the confocal 
optical system, thus rendering the measuring de- 
vice small, lightweight, and sturdy, adopting a 
structure in which all or part of the measurement 
device is movable results in rapid measurements, 

■*o alignment, stability, measurement accuracy, and 
many other outstanding advantages . 

BRIEF DESCRIPTION OF 1 ML DRAWINGS 

Figure 1 is a diagram illustrating a first embodi- 
ment of this invention. 

Figure 2 is a diagram illustrating this invention 
in principle. 

Figures 3a through 3c are diagrams illustrating 
the manner m which a hologram is e<pose;d and 

" ■ Mr. 
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Figures On through 6j are a flow chart illustrat- 
ing an example of a manufacturing sequence for a 
light detector array and a pinhole array- 
Figures 7a through 7k are a flow chart illustrat- 
ing another manufacturing sequence for a light 
detector array and a pinhole array. 

Figures 8a through 8j are a flow chart illustrat- 
ing another manufacturing sequence for a light 
detector array and a pinhole array. 

Figure 9 is a diagram illustrating an example of 
a drive circuit for a light detector array. 

Figure 10 is a time chart showing each of the 
siqnafs of the drive circuit. 

Figure 1 1 is a diagram illustrating a second 
embodiment of this invention. 

Figure 12 is a diagram illustrating a third em- 
bodiment of this invention. 

Figure 13 is a diagram illustrating a fourth 
embodiment of this invention. 

Figure 14 is a diagram illustrating the diffrac- 
tion grating-type half-mirror used in the fourth em- 
bodiment. 

Figure 15 is a cross section illustrating other 
structures adopted for a hologram, lens array, light 
detector array, and other components. 

Figures 16a through 16m are a flow chart illus- 
trating an e>ample of a manufacturing sequence for 
the structure of Figure 15. 

Figure 17 is a cross section illustrating other 
structures adopted for a hologram, lens array, light 
detector array, and other components. 

Figure 18 is a cross section illustrating other 
structures adopted for a hologram, lens array, light 
detector array, and other components 

Figures 19a and 19b are diagrams illustrating a 
fifth embodiment of this invention. 

Figure 20 is a diagram illustrating an example 
of another structure of a drive circuit for the light 
detector array. 

Figure 21 is a diagram illustrating an example 
of another structure of a drive circuit for the light 
detector array. 

Figure 22 is a diagram illustrating the principle 
of a confoca! optical system. 

Figures 23a and 23b are diagrams illustrating 
the manner in which the focal point of a confocal 
optical system is shifted. 

Figure 24 is a diagram illustrating the output of 
a light sensor in relation to the distance between 
the object surface and the lens. 

Figure 25 is a diagram illustrating an example 
of a conventional three-dimensional shape measur- 
ing instrument using a confocal optica! system. 


BEST M Q[ : FOR CARRYING^ OUT THE INVEN- 
TION 

This in,* ' lion will now be described in detail 
5 through the embodiments shown in the accom- 
panying dr c '. mgs. 

Figure ; illustrates the basic structure of this 
invention. 

In Figure 2. laser light (or monochromatic light 
w based on the laser light) emitted from a light 
source 1 i ' vansformed into parallel light 3 by a 
lens 2 and c tected toward a reflection hologram 4. 

The rpflprttr o hnlnnrgnn 4, which SCtS 3S 3 ha!f- 

mirror and i. diffraction grating, is exposed to the 

75 parallel tight that forms an angle <t> with the direc- 
tion of the \ ticai axis, as shown in Figure 3a. 
When parallel light, which is shown by the solid 
lines in Fiijinc 3b, >s incident on the hologram 4 
developed, t<.r example, to a diffraction efficiency 

;>o of 40%. the respective intensities of zero-order 
light (chain line) and first-order light (broken line) 
will be 60 f t and 40% of the incident light. In 
addition, the respective intensities of zero-order 
light and fiiM-urder light wiii be 60% and 40% of 

2b the incident light when, as shown in Figure 3c, this 
hologram is irradiated with parallel light opposite in 
direction to teat shown in Figure 3b. 

In Figure 2, the hologram 4 is irradiated with 
parallel tight in the same direction as in Figure 3b, 

30 and the resulting zero-order light is made to con- 
verge toward the focal position 6 by a lens 5 
adjacent to the reflection hologram 4. A pinhole 7 
is locateci m this focal position 6, and light passes 
through the hole of the pinhole 7. The light that has 

35 passed through the pinhole 7 is again condensed 
by a lens 8 and is directed toward a measurement 
object 9 Light reflected from the measurement 
object 9 is again condensed by the lens 8 and 
again passed through the pinhole 7. The light that 

40 has passed through the pinhole 7 is condensed by 
the lens 5 and is directed toward the hologram 4 
assuming the form of parallel light opposite in 
direction to tnat of the parallel light 3 emitted from 
the light scurce. As shown in Figure 3c. the first- 

45 order diffracted light of the parallel light incident on 
the hologram 4 is reflected at an angle <£ and 
condensed by the lens 5. A light detector 10 is 
installed in this convergence position, and the lu- 
minous energy of the incident light is detected by 

50 the light detector 10 

Specifically, with this system, the focal position 
on the light source side of the confocal optical 
system and the focal position on the light-receiving 
side are one and the same position 6, and a 

55 common pinhole 7 can be used. A stable confocal 
effect can therefore be obtained, and the conven- 
tional alignment between the focal point of the light 
source and the light-receiving focal point becomes 
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unnecessary. In addition, the fact that the reflection 
hologram 4 functions as a half-mirror makes it 
possible to implement the miniaturization (flatten- 
ing) and weight reduction unattainable with conven- 
tional structures. 

Figure 1 illustrates a first embodiment of this 
invention; the apparatus comprises a fixed portion 
20 and a movable portion 30 that travels in the 
direction of the optical axis (Z direction). 

Laser light emitted from a laser light source 1 
is transformed into slit parallel light by lenses 11 
and 12, and is deflected by a polyhedral rotating 
mirror 13. The deflected stit parallel light is di- 
rected toward a teiecentrically located cylindrical 
lens 2 is deflected in the direction of the optical 
a<is ; and is sequentially scanned in the direction 
shown by the arrow A in the figure by the rotation 
of the polyhedral rotating mirror 13. The polyhedral 
rotating mirror 13 is rotated and scanned hv a 
movement controller 50. Parallel slit light La 
scanned in the A direction is thus sequentially 
introduced from the fixed portion 20 into the mov- 
able portion 30. 

It is also possible to use a gaivano-rmrror in- 
stead of the polyhedral rotating mirror 13, as it is to 
perform uniform scanning using an i-0 lens instead 
of the cylindrical lens 2. 

An aperture array 14 in which apertures 14a for 
effectively directing light toward the individual lens 
5a of a lens array 5 are formed at positions cor- 
responding to the individual lenses is installed at 
the entrance pupil of the movable portion 30. and a 
reflection hologram 4 acting as a half-mirror and 
diffraction grating is installed underneath. The re- 
flection hologram 4 functions in the same manner 
as the holograms shown in Figures 2 and 3 above 
The physical relationship between the upper and 
lower reflection hologram 4 and aperture array 14 
may be reversed. 

The lens array 5 is positioned close to nr in 
contact with the reflection hologram 4 underneath 
the reflection hologram 4, and the <:ero-order light 
of the hght incident on the hologram 4 is made to 
converge toward the focal position of each lens 5a. 
The pinholes 7a of a pinhole array 7 are located in 
the focal positions of the lenses 5a, and each of 
these condensed light rays passes through the 
pinholes 7a. The parallel slit light rays are made 
narrower than the pitch of the lenses 5a comprising 
the lens array 5. 


30 


I ight scattered on the measurement object 9 is 
condensed by the lenses 8b and 8a, passed 
through the pinhole array 7 having a confocal ef- 
fect, directed toward the lens air ay 5, and forced 
by the lenses 5a of the lens array 5 to strike the 
reflection hologram 4 in the direction coinciding 
with that shown in Figure 3c, assuming the form of 
parallel light opposite in direction to the slit parallel 
light o Kiting from the lens 2. The first-order dif- 
fracted light rays of the reflection hologram 4 again 
strike- the individual lenses 5a of the lens array 5 
and converge at the respective angles 4». A light 
detector array 10 is installed m such a way that 
individual light detectors 10a arc located in each of 
these convergence positions. 

This structure involves fixedly installing a mea- 
surement object 9 on a suitable table 33 Mean- 
while, the movable portion 30 is moved by a move- 
ment controller 50 in the direction of the optical 
axis (Z axis) in synchronism with the rotational 
scanning performed by the polyhedral rotating mir- 
ror 13. A three-dimensional measurement unit 60 
sequentially samples the outputs of individual de- 
tectors 10a of the light detector array 10 during the 
movement of the movable portion 30, and the Z 
position detected when each of the outputs reaches 
a maximum is designated as the position of the 
object surface. 

In addition, the aperture array 14, reflection 
hologram 4. lens array 5. light detector array 10. 
and pinhole array 7 of this structure are formed into 
a flat assembly by a semiconductor process, as 
shown in Figures 4 and 5. 

Specifically, the aperture array 14 in Figures 4 
and 5 consists of a shielding plate, and apertures 
14a aie formed in this plate at positions corre- 
sponding to each of the lenses 5a. The shielding 
film of the aperture array 14 is formed, for exam- 
ple, by sputtering a three-layer Cr? CVCr/Cr? Ch 
film. I ight reflected by the chromium contained in 
the intermediate layer of the three-layer film is 
subjected to multiple reflection and decay by the 
Or. O film. 

A planar microlens (PML) may be used in this 
case as the lens array 5. With a planar microlens, 
multiple lens 5a portions are fabricated by creating 
a retractive index distribution through the selective 
dispersion of ions within a flat glass substrate 5. A 
nonroflective coating is applied to the light-admit- 
ting portion of each fons portion 5a of the lens 
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of the lens array 5 and then to bond the exposed 
and developed hologram 4 on top of this. 

In addition, a light detector array 10 and pin- 
hole array 7 are formed at a pitch corresponding to 
the lens pitch of the lens array 5 on a planar glass 
substrate 15 in which a nonreflective coating is 
formed on the surface bonded to the glass sub- 
strate 5. 

This portion is formed by aligning and bonding 
the planar glass substrate 15 (in which the light 
detector array 10 and pinhole array 7 have been 
formed) with the glass substrate 5 (in which the 
aperture arrav 14. hologram 4. and lens array 5 
have been formed). 

When the microlens substrate 5 and the glass 
sensor substrate 1 5 are bonded, the space be- 
tween the two is filled with a transparent refractive 
liquid that has substantially the same refractive 
index as glass, making tt possible to prevent irreg- 
ular reflection from occurring at the interface be- 
tween these substrates 

Similarly, when the microlens substrate 5 and 
the hologram 4 are bonded, the space between the 
two is filled with a transparent refractive liquid that 
has substantially the same refractive index as 
glass, making it possible to prevent irregular reflec- 
tion from occurring at the interface between these 
substrates. 

Figures 6a through 6) illustrate the process for 
manufacturing the pinhole array 7 and light detec- 
tor array 10. The details of the process will now be 
described in accordance with the manufacturing 
sequence 

(a) Planar glass substrate 15 

(b) A transparent conductive film (TCO) 16 is 
formed on the planar glass substrate 15. SnC>2 
or the like is used for the TCO. 

(c) Except for the light detector element portions 
17 and pinhole portions 18, everything is re- 
moved from the transparent conductive film 16 
by, for example, etching or the like. The pur- 
pose of retaining the transparent conductive film 
of the pinhole portions in this process is to 
prevent the glass of the aperture portions of the 
pinholes from being abraded by the etching of 
the subsequent process (g). 

(d) Amorphous silicon 19 is formed on top of 
this. 

(e) The pinhole portions 18 of the amorphous 
silicon 19 are removed using etching or the like. 

(f) A nickel film 21 is formed. 

(g) Except for the light detector element portions 
17 and pinhole portions 18, everything is re- 
moved from the nickel film 21 by, for example, 
etching or the like Each pinhole aperture is also 
formed by etching. 

(h) A transparent insulating film 24 is formed on 
this overcoat. 


(i) A nickel film 25 is then formed. 
(j) The pinhole portions 26 of the nickel film 25 
are formed by etching. 
Light detection elements comprising amor- 
b phous silicon 19, transparent anode electrodes 17, 
and metal cathode electrodes 22 are formed by 
this series of treatments, and pinhole shielding 
portions are formed from the nickel films 23 and 
25. 

70 Figures 7a through 7k illustrate another manu- 

facturing rv.'i thod. The details of this method will 
now be described in accordance with the manufac- 
turing seq 1 'e n ce. 

(a) Planar glass substrate 15 
ib (b) A transparent conductive film (TCO) 16 is 

formed on the planar glass substrate 15. 

(c) Except for the light detector element portions 
17 and pinhole portions 18, everything is re- 
moved ffom the transparent conductive film 16 

20 by, for example, etching or the like. The pur- 

pose of retaining the transparent conductive film 
of the pinhole portions m this process is to 
prevent the glass of the aperture portions of the 
pinholes from being abraded by the etching of 

25 the subsequent processes (e) and (k). 

(d) Amorphous silicon 19 is formed on top of 
this. 

(e) The pinhole portions 18 of the amorphous 
silicon 19 are removed using etching or the like. 

30 (f) A nickel film 21 is formed. 

(g) Except for the tight detector element portions 
22, everything is removed from the nickel film 
21 by, for example, etching or the like. 

(h) An insulating film 24 is formed on this over- 
35 coat. 

(i) The insulating film 24, amorphous silicon 19. 
and pinhole portions 27 are removed by etching 
or the like 

(j) A nickel film 25 is then formed. 
40 (k) The pinhole 26 portions of the nickel film 25 

are removed by etching to form pinholes. 
Light detection elements comprising amor- 
phous silicon 19, transparent anode electrodes 17, 
and metal cathode electrodes 22 are formed by 
45 this series of treatments, and a pinhole shielding 
portion is formed from the nickel film 25. 

Figures 8a through 8] illustrate yet another 
manufacturing method. The details of this method 
will now be described in accordance with the man- 
50 ufacturing sequence. 

(a) Planar glass substrate 15 

(b) A transparent conductive film (TCO) 16 is 
formed on the planar glass substrate 15. 

(c) Except for the light detector element portions 
55 17 and pinhole portions 18, everything is re- 
moved from the transparent conductive film 16 
by, for example, etching or the like. The pur- 
pose of retaining the transparent conductive film 
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of the pn 'iole portions in this prr f v v lS to 
prevent th« glass of the aperture por lie of the 
pinholes from being abraded by the ct< hing of 
the subsequent process (j). 

(d) Amorphous silicon 19 is formed on top of 
this. 

(e) A nickel <ilm 21 is foimcd. 

(f) Except for the light detector element portions 
22, everything is removed from the nickel film 
21 by, for t> ample, etching or the like. 

(g) An insulating film 24 is formed on tf is over- 
coat. 

(h) The pinhole portions 27 are removed from 
the insulating film 24 by etching or the like. 

(i) A nickel film 25 is then termed 

(j) The pinhole portions 28 nf the nickel film 25 
and amorphous silicon 19 are removed by etch- 
ing to form pinholes, 
[^jgt-jt dctc ction elements comprisino, amor- 
phous silicon 19, transparent anode electrodes 17, 
and metal cathode electrodes 22 are formed by 
this series of treatments, and a pinhole shielding 
portion is formed from the nickel film 25. Specifi- 
cally, this manufacturing method allows the pinhole 
portions of the nickel film 25 and amorphous silicon 
19 to be removed simultaneously by the process (j) 
etching 

Figure 9 illustrates a light detector array 10 
composed of n A m light detectors S11 through 
Snm, and a circuit structure for reading the signals 
from these light detectors S11 through Snm. For 

odd columns, the light detectois in each row are 
connected to an analog multiplexer M1 by a com- 
mon connecting line, and for even columns, the 
light detectors in each row are connected to an 
analog multiplexer M2 by a common lire The 
hatched light detectors E1 through Em are de- 
signed to generate read timing signals VD1 and 
VD2 for column units, and a light detector F is 
designed to output timing signals FD for ;{:■.>< ng a 
read scan cycle. 

The area mside the broken line; in Figure- 9 is 
irradiated at a certain point in time by the parallel 
slit light La in Figure 1, and the irradiated area is 
movably scanned in the direction of arrow A by 
performing a scanning procedure using a polyhe- 
dral rotating mirror. Specifically, parallel slit light is 
alternately and movably scanned in the direction 
from the odd columns toward the even ■ olumns: 
signals deteotod by the light dotectors of the odd 


; i n ,ndt ; - ■ - it:r-tly for * a* ' ■ ■ - iumr. . ■ ' wier: 
inadiation o oooormed usir-q incident o. r a'!el slit 


is tliri . f to possible to position light detectors 
close to < ach other, to reduce the surlace area of 
the shielding portion of the aperture array 14, and 
to miniaturize the structure of this portion. 

In Figure 9, the hatched light detectors E1 
through Em for generating tinning signals are lo- 
cated in the matrix positions designated for the 
pinholes 7 at the ends of the light detector matrix, 
and are directly irradiated by the parallel slit light 

10 La from the fixed portion 20 Signals VD1 are 
designed to determine the read timing of the odd 
columns, and signals VD2 are de-signed to deter- 
mine the- read timing of the even columns. In 
addition, a light detector F for generating read start 

15 timing signals FD is located, for example, in a 
matrix position designated for the pinhole 7 at the 
opposite end with respect to the light detector E1 
of the first column. 

Figure 10 illustrates the timing signals FD, 

;>o VD1, and VD2, as well as the timing of the output 
signals V1 and V2 from the multiplexer M1 and M2. 
In this case, the light detectors S11 through Smn 
function as a charge storage device, acting in such 
a way that the detector output of an odd column is 

25 read based on the fall of VD1, and the detector 
output of an even column is read based on the fall 
of DV2. This circuit structure therefore operates in 
such a way that while light is incident on the 
detectors of an odd column, the operation alter- 

30 nates between reading the detector output of an 
even column that contains an already stored 
charge and performing a reverse procedure. 

It is also possible to use a charge transfer 
method in which CCD camera sensors are used 

3') instead of the multiplexes M1 and M2. 

It is .oo possible w th this orcuit to read the 
detector output of an even column by delaying the 
signal VD1 and using this delayed signal as a 
trigger, and to read the detector output of an odd 

j.o column by delaying the signal VD2 and using this 
delayed signal as a trigger. Another alternative is to 
delay the respective rises of the signals VD1 and 
VD2, and to read the output of each detector with 
the aid of these delayed signals. 

4s Figure 1 1 illustrates another embodiment of 

this invention. In this case, parallel-plane light rays 
Lb of a nonscanning type are used instead of slit 
parallel light of the scanning type, as in the em- 
bodiment in Figure 1 above. In addition, the mov- 

'■o able portion 30 consists of a lens 8a alone, and all 
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directed tc /.ard an aperv>- array 14. Light that has 
passed thr. ugh the ape-e-cs of " e aperture array 
14 is cauM-d to convon;*. towan. a measurement 
object 9 m the same n anner as above via a 
hologram 4. lens array 5. a pinhr le array 7, and t 
lenses 8a and 8b. Light - attered on the measure- 
ment oh jc • t 9 passes though the lenses 8a and 
8b, pinhol... array 7, and lens array 5, strikes the 
hologram 4, and enters the dett etors of a light 
detector array 10 after being extracted by the n 
hologram 4. 

Becau-e paratiei-piar c light rays Lb are; used 
in this caic. the return light of trie parallel-plane 
light rays Lb outers aii me detectors ot the light 
detector arav 10 5tmulta- • ( o u s I y . ; * 

Since this embodiment involves constructing 
the movab e portion 30 from the lens 8b alone, the 
weight of -roving parts r an be n luced, and the 
structure U>t performing movable • anmrg can be 
amplified. ^ L 

Even when paralle •!-; 'ane light rays Lb are 
used in the manner shown j n Figure 1 1 , the portion 
underneath the aperture array 14 (aperture array 
14, hologram 4, lens array 5, light detector array 
10, pinhole array 7, and lenses 8a and 8b) may be 2b 
constructed as a movable portion, as shown in 
Figure 1 above. It is also possible to configure al! 
the structural elements 'except for the measure- 
ment object 9) in Figure 11 in the form of a 
movable portion 30. 3 0 

Figure 12 shows yet another embodiment of 
this invention. The entire apparatus is configured 
as a movable portion 30 in this Case In addition, a 
laser light source array 40 in which a plurality of 
laser elements are arranged in a matrix is used as 35 
the light source for generating surface light rays. 
This laser light source array is known as the array- 
type surface light generation semiconductor laser 
of Photonics Research Ircorporated In addition, a 
Ions array f.O is use d as the lens f< t converting into 40 
parallel light the light rays that are output by the 
array-type surface light generation semiconductor 
laser 40. Tne other structures are the same as in 
the embodiment of Figure 1 or 1 1 . and structural 
elements performing the same functions are as- 45 
signed identical symbols 

Specifically, in Figure 12, laser light emitted 
from the laser light source 40 is transformed into 
parallel-plane light rays by the lens array 50, and is 
directed toward an aperture array 14. Light that has su 
passed through the apertures of the aperture array 
14 is caused to converge toward a measurement 
object 9 in the same manner as above via a 
hologram 4, lens array 5, pinhole array 7, and 
lenses 8a and 8b. Light scattered on the measure- 55 
ment object 9 passes through the lenses 8a and 
8b, pinhole array 7, and lens array 5, strikes the 
hologram 4. and enters the detectors of a light 


dcteetor array 10 e'tcr being diffracted by the 
hologram 4. 

This embodirr f ut also allows the array-type 
surface light generation laser 40 to emit light se- 
quentially in column units and to function as slit 
light, as in the emt . ■ ■diment illustrated in Figure 1 
above. 

Figure 13 illustrates still another embodiment 
of this invention. In this embodiment, a diffraction 
grating-type half-minor 41 such as that shown in 
Figure 14 is used imt. ad r.f the reflection hologram 
4 used in the aforementioned embodiments, and a 
quarter-wave plate 42 is intprposed be+ween the 
lenses 8a and 8b. The quarter-wave plate 42 in 
Figure 13 can be loc ated in any position as long as 
it is in the optical path of the confocal optical 
system. 

The diffraction grating-type half-mirro' 41 acts 
as a half-mirror ..nd a diffraction grating in the 
same manner as the aforementioned reflection 
hologram 4, and s described in Japanese Laid- 
Open Patent Ap f I: at. on 61-17103. Specifically, 
transparent members 43 and 44 of substantially the 
same refractive index are provided with a plurality 
of inclined surfaces, a polarization-dependent re- 
flective film 45 is termed on these inclined sur- 
faces, y.elding a relief-type diffraction grating, and 
the assembly is supported by two parallel flat 
plates 46 and 47 on both sides. The reflective film 
45 is configured in such a way that its transmit- 
tance is approximately 100% with respect to P 
polarized light and its reflectivity is approximately 
100% with respect tc S polarized light. 

When, therefore, a P polarized wave is emitted 
from the light source 1 using a laser with linear 
polarization characteristics, the P polarized wave 
strikes the diffraction grating-type half-mirror 41, 
and almost all the wave passes through This P 
polarized wave then passes through the quarter- 
wave plate 42, be>- ernes circularly polarized light, 
and is caused to converge on the measurement 
object 9 by an object lens 8b. Light reflected from 
the measurement effect 9 becomes an S polarized 
wave as a result of passing through the quarter- 
wave plate 42, stores the diffraction grating-type 
half-mirror 41 via a lens 8a and pinhole 7, reflects 
from the reflective film 45 of the half-mirror 41, and 
enters a light detector 10. 

The embodiment illustrated in Figure 2, 1 1 , or 
12 above also allows a diffraction grating-type half- 
mirror 41 such as that shown in Figure 14 to be 
used instead of the hologram 4 It is apparent that 
a quarter-wave plate 42 is installed in the optical 
path of the confocal optical system. 

Next, Figure lb illustrates a modified embodi- 
ment of the sheet-shape optical instrument portion 
shown in Figure 5 above Here, the microlens array 
5 and light detector array 10 are bonded instead of 
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the microlens array 5 ano ; ; o.ss substrate 15. as 
was the case in Figure 5 at ; vo. 

Specifically, the functu n of the light detector 
array 10 and the function o* :hc pinhole array 7 are 
performed with the aid of a Miucture comprising an 
upper shielding film 51, a . .vcr shielding film 52, 
and upper insulating film 53. a tower insulating film 
54. an upper electrode 55. a lower electrode 56, 
and a light detector portion 57. These structural 
portions are bonded to the microlens array 5 by a 
refractive index adjusting solution 58 or the like. 

Figures 16a through 16m illustrate the process 
for manufacturing the pinhole array 7 and light 
detector array 10 of the strui dure shown in Figure 
15. The details of the process will now be de- 
scribed in accordance with the manufacturing se- 
quence. 

(a) Planar glass substrate 15 

(b) A lower shielding film 52 is formed on the 
planar glass substrate 15 

(c) A pinhole array 7A is formed on the lower 
shielding film 52. 

(d) A lower insulating film 54 is formed on top of 
this, 

(e) A lower electrode 56 is further formed as a 
film on top of this. 

(f) The pattern of the lower electrode 56 is 
formed. 

(g) The light detector portion (amorphous sili- 
con) 57 is further formed as a film on top of this. 

(h) A pinhole array 7B is formed on the light 
detector portion 57. 

fi) The upper electrode 55 is formed as a film, 
(j) The pattern of the upper electrode 55 is 
formed. 

(k) The tipper insulating Vm 53 is formed as a 
film. 

(I) The upper shielding film 51 is formed as a 
film. 

(m) A pinhole array 7C is formed on the upper 
shielding film 51, as is tin opening portion 7D of 
the light detector 
Next, Figure 17 illusto.l< s an embodiment in 
which the light detector prrtion 57 is; made not of 
amorphous silicon but of a single crystal silicon 
semiconductor, and the structural elements per- 
forming the same functions as in Figure 15 are 
assigned identical symbols 

Specifically, an Si Or f' lm |C formed in this case 
on both surfaces of a silio o ^ihstrate using ther- 


lens array 5 with the aid of a refractive index 
adjusting solution 58. S licon and a microlens array 
may also be directly joined using a lamination SOI 
technique during bonding with the microlens. It is 
b also possible to replace the single crystal silicon 
with a IM-V group semiconductor or other material 
capable of photoelectric transfer. In addition, the 
upper electrode 55 arid the lower electrode 56 may 
be sandwiched, as in the embodiment shown in 
iu Figure 15 or 17, or they may be formed within the 
same plane, as shown in Figure 18. 

Next. Figure 19a illustrates yet another modi- 
fied example of the sheet-shape optical instrument 
portion shown in Figure 5 or 15; Figure 19b is a 

it plan view of an annular light detector 10a. 

Specifically, Figures 19a and 19b show a case 
in which the function of the half-mirror can be 
performed by a half-mirror coating film 59 and in 
whirh light reflected by the half-mirror film 59 can 

20 be detected by making the light detector array 10 
annular in shape. 

In the structure shown in Figures 19a and 19b, 
light from a light source is passed through an 
aperture array 14 formed in a shielding film, con- 

25 densed by the microlenses of the microlens array 
5, and transmitted through pinholes 7a formed in a 
glass substrate 15 Light reflected by a measure- 
ment object passes through the pinholes 7a, re- 
fleets from the half-mirror coating film 59, and 

30 enters the annular light detector 10a. 

The annular light detector 10 and the pinhole 
array 7 are formed on the glass substrate 15 by a 
semiconductor process. 

Figure 20 illustrates a modified embodiment of 

3b a circuit structure for reading the signals of each of 
tlic detectors of the light detecto' array 10 shown 
in Figure 9 above. In tins case, each of the detec- 
tors is divided into four blocks. 

Specifically, light detectors in the (4n - 3) col- 

■m iimn are connnoted to an analog multiplexer M1; 
light detectors in the (4n - ,?) column, to an analog 
multiplexer M2, light detectors in the (4n - 1) col- 
umn, to an analog multiplexer M3; and light detec- 
tors in the 4n column, to an analog multiplexer M4 

•*f> The number of divisions is increased in comparison 
with the previous embodiment involving division 
into two parts, making it possible to increase the 
speed at which signals are read. 

The analog multiplexers may be connected to 
the light detector array by wire bonding or the like. 
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possible in this case to adopt an X-Y address 
system in which transistors and ott >o-r switching 
elements arc- incorporated into the light detector 
array. A charge transfer system may be adopted 
tor the read mode. 5 

The measurement object 9 was iixed in the 
embodiments shown in Figures 1, 11, and 12, 
although it is also possible to adopt a movable 
structure in which the measurement object 9 is 
placed on an X-Y moving stage, and measure- w 
ments are conducted by suitably vary g the mea- 
surement object field. In addition, high, r -resolution 
measurements can be performed by adopting a 
sfucture in which this X-Y moving stage or mov- 
able portion 30 can be microscopically oispiaced in 75 
the X- / direction. 

The embodiments shown in Figures 1,11, and 
12 afso allow all the measurement in* laments: to 
be fixed a. no three-dimensional mear i .r cments to 
be performed by movably scanning the measure- 20 
ment object 9 in three-dimensional dirt < tions. 

Although only one example of the structure of 
the confocal optical system was desc-'ibed, other 
structures may also be adopted as It ng as they 
can perform the same functions as the ernbodi- 25 
ments. 

INDUSTRIAL APPLICABILITY 


This invention can be used as a three-dimen- 3c 
sional measurement apparatus for measuring the 
shape of a measurement object in trvee dimen- 
sions. 

Claims 35 

1- A confocal optical apparatus comprising: 
a light source; 

a first aperture portion for passing thereth- 
rough light emitted from the light source and 40 
obtaining a point source; 

an objective lens for causing the light that 
has passed through the first aperture portion to 
converge on a measurement object: 

a second aperture portion located on a 45 
plane conjugate with the convergence surface 
on the measurement object; and 

a light detector for detecting light that has 
passed through the second aperture portion, 

characterized in that the first and second 50 
aperture portions are located in the same posi- 
tion and are conjointly used as an identical 
aperture portion, and a detection surface of the 
light detector is located substantially on the 
same surface as the conjointly used identical 55 
aperture portion. 
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2. A confocal ;_;:tical apparatus comprising: 
a light ^ c urce; 

an optn al element for receiving light from 
the light source and acung as a half-mirror and 
a diffraction grating; 

first condensing means positioned in con- 
tact with or close to the optical element, for 
condensing rero-order light from the optical 
element; 

a pinhole for passing light condensed by 
the first condensing means; and 

second condensing means for condensing 
thft light thp* h as pa^e^ through the pinhole 
and causing the light to converge toward a 
measurement object, and for causing the light 
scattered on the measurement object to con- 
verge toward the pinhole, 

wherem the optica! clement directs first- 
order diffracted light of the light reintroduced 
toward the first condensing means via the pin- 
hole and the first condensing means, and 

whereir the confocal optical apparatus fur- 
ther comprises a light detector for receiving 
the first-order diffracted light condensed by the 
first condensing means. 

3. A confocal optical apparatus comprising: 

parallel slit light generating means for gen- 
erating parallel slit light undergoing sequential 
movable sc anning; 

an aperture array comprising a plurality of 
apertures for light passage arranged in two 
dimensions, for passing therethrough the par- 
allel slit light from the parallel light generating 
means; 

an optical element for receiving the light 
that has passed through the aperture array and 
acting as a half-mirror and a diffraction grating; 

a iens array positioned close to the optical 
element and comprising a plurality of two-di- 
mensionally arranged lenses for condensing 
.rero-order light from the optical element, 

a pinhole array comprising a plurality of 
two-dimensicnally arranged pinholes for pass- 
ing therethrough light condensed by each of 
the lenses of the lens array; and 

condensing means for condensing the light 
that has passed through each of the pinholes 
and projecting the light onto a measurement 
object, and for causing the light scattered on 
the measurement object to converge toward 
each of the pinholes, 

wherein the optical element directs toward 
the lens array first-order diffracted light of the 
light reintroduced via each of the pinholes and 
the lens array; and 

wherein the confocal optical apparatus fur- 
ther comprises 
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a _;h: V.toctor array o r . ■ i ing a \ Vitality 
of t ^ » - ' din it nsior lally arrang* light dt a > ars 
for n » 'vmj the frst-order d! , an led light con- 
den m i j by t ach of the lenses * the lens array; 

it m .t " t nt control means *■ r moving in the 5 
dirO'l-'ri of the c ptical axis :.\ hast seme of 
the } , ; r a Ik; I slit light gencu." ng means, ap- 
ertun an ay . optical element '■. ns array, pin- 
hole array, condensing mearu and light detec- 
tor aray; and io 

a thrc-e -dimensional dis \ .- a e measur ing 
means for measuring the nit auic ment ■ t jret 
in thn c dimensions based i ■, the output of 
each light detector in accedence with the 
moval-ic sc anning of the para iel slit light and 15 
with the nnovement control ( i the movement 
control means 

A confocal optical apparatus as defined in 
claim 3. characterized in that tne aperture ar- 20 
ray, optical element, lens array, pinhole array, 
and light detector array are of laminated struc- 
ture. 

A c<ji Mocal optical apparatus as defined in 25 
claim 3, whet em the light detr t tens of the light 
detec tot ar r ay are arranged in a two-dimen- 
sional matrix, these detectors' are divided into 
a plurality of blocks, and the ..ght detectors of 
each \ lock are connected by a common con- 30 
nectmg wire to ensure conn* . lion to a com- 
mon 5 ignal extraction circuit f< r (.ach block. 

A cor .focal optical apparatus as defined in 
claim 3. characterized in that the three-dimen- 35 
siona' d' stance measuring m* ans sequentially 
read:- 'he detection signals > 1 :he light detec- 
tors in block units in the couim of the movable 
scanning of the parallel slit lie ! 

40 

A cr nt. ral optical apparatus . -prising: 

a urface light ray gen> o.tmg means for 
f joni i;,!nig surfai e light ray 

an aperture' array compn: ng a pluralty of 
apertures for light passage ,.r ranged m two 4b 
dimensions, for passing thou through the sur- 
face light rays from the surfai e light ray gen- 
erating means; 

an optical element for n • ivtng light that 
has [ sed through the ap-'un: array and ef? 


the lens t.r r ay ; and 

a (■ ndensing means for ( 1 ndensmg the 
ight that ' as pas t d through each pinhole and 
r rojectr ; the light onto a measurement object, 
and for 1 ausmg the light scattered on the mca- 
rurcme- 1 object 10 converge toward each pin- 
hole, 

wh( r t in the c ptical element directs toward 
the lens r ay first-order diffracted light of the 
fight roin''i.>duced via each of the pinholes and 
the lens array; and 

when in the confocal optical apparatus fur- 
ther com: r ises: 

a light detector array comprising a plurality 
of two-dimonsionally arranged light detectors 
for receiving the first-order diffraced fight con- 
densed t y each of the lenses of the lens array; 

movement control means for moving in the 
direction of the optical axis at least some of 
the surface light ray generating means, ap- 
erture array, optical element, lens array, pin- 
hole array, condensing means, and light detec- 
tor array; and 

a three-dimensional distance measuring 
means for measuring the measurement object 
in three dimensions based on the output of 
each light detector in accordance with the 
movement control of the movement control 
means. 

8. A confer al optical apparatus as defined in 
claim 7. r haracte* ized in that the aperture ar- 
ray, optif al clement, lens array, pinhole array, 
and light eetector array are of laminated struc- 
ture. 

9. A conf v al optical apparatus as defined in 
claim 7, wherein The surface light ray generat- 
ing means is a light source array in which a 
plurality of light generating elements are ar- 
ranged 11 a matrix. 

10. An optn a l apparatus which cc mp uses: 

an aperture array comprising a plurality of 
apertures for light passage arranged in two 
dimensu ins; 

an optical element acting as a half-mirror 
and a diffraction grating; 

a U i s array comprising a plurality of two- 
lirntnsi' 'ally arranged lenses for c. onde ' tsmg 
■ jUt tK-.i 1 na c *. d thmiirjh f . : , h ■ >f tt » ■ - f -.\ - 
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for the hght -efi< Mod by the optical clement few 
the light reintroduced into each of the pinhole? 
of the pinhole array. 

wherein these aperture array, optical ele- 
ment, lens array, pinhole array, and light de- 5 
tector array are of laminated structure. 
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FIG. 2 
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FIG.3(a) 



FIG.3(b) 
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